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Various results in thermodynamics developed recently are brought into focus by further refinement to set in less ambiguous form topics connected to irreversibility and the so called ''Clausius Inequality''. This singular ''Clausius Inequality'' for both closed and open systems was traditionally deduced from the Riemann ''integration'' of closed Carnot cycle loops for irreversible transitions. Evidently topological problems might be expected to arise concerning boundary conditions when ''open'' and ''closed'' systems exists simultaneously in such a scheme. It has hitherto been assumed that in this scheme, only one central Clausius Inequality can exist coupling all processes. Based on a new recent development of open system Carnot cycles, it is shown that other analogous inequalities can be derived, due to the presence of another fundamental entropy state function derived in the recent development, implying non-singularity. Their properties are such as to indicate that no new non-equilibrium entropy can arise from the inequalities as has been proposed over the decades. It is shown that a sequence of points along a non-equilibrium state space must have excess variables augmenting those for the equilibrium situation, which demonstrates that the often used Principle of Local Equilibrium (PLE) is only an approximation, implying that far-from-equilibrium theories should be developed ab initio from irreversible dynamical laws rather than from PLE. Examples presented from actual computations for both systems in equilibrium and non-equilibrium appears to support this deduction. Large scale and extensive thermodynamical theories have been created based on the assumption of a single Clausius-like inequality, such as those stemming from the very influential and extensive Truesdale school, and so such pervasive developments are also open to question.
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2 C.G. Jesudason / Mathematical and Computer Modelling xx (xxxx) xxx-xxx An open Carnot system operating between two reservoirs at temperatures T 1 and T 2 are given and its properties during 1 summation limits have been outlined [1] . A typical cycle is given in Fig. 1 ∆W tot,iso = −δW
22
Total heat lost at T 1 reservoir ∆Q 1,tot,iso is 23 ∆Q 1,tot,iso = δQ
24
Total heat gained at T 2 , ∆Q 2,tot,iso is 
34 ∆Q 1,tot,adia = δQ
ab,sys + δQ
35
∆Q 2,tot,adia = δQ
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There is no heat absorption about an adiabatic segment. For a mixed elementary loop cycle C comb where mass is injected 1 (extracted) at an isothermal pathway e.g. ab and extracted (injected) at the adiabatic pathway e.g. da, we still derive 2 ∆W tot,comb , ∆Q 1,tot,comb and ∆Q 2,tot,comb , as above. For the above cycles (denoted C ) operating between temperature points 3 1 and 2, and for general transitions the following (Theorems 1-3) have been proven [1] .
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Theorem 1. Each elementary cycle C fulfills
for the state function S exists, given by
The total reversible diathermal heat transfer increment đ Q dia consists of đ Q sys which is the heat absorption by the diathermal representing the total heat absorption of the system through a diathermal boundary as above.
13
The traditional Clausius Inequality was derived using some of the following well-founded axioms.
14 Axiom 1. It is impossible to construct an engine working in a cycle, which will produce no other effect than the transfer of 15 heat from a cooler body to a hotter one. so that the non-optimized cycle can only be 
The proof that follows require Axioms 1 and 2. The đQ tot heat increment is a combination of local and non-local heat 30 terms. relative to the supply cell to extract unit mass of substance i to state Σ of the primary cell (system) at equilibrium with 36 it through a semi-permeable membrane, so that the actual energy increment transferred to the surface prior to any work 37 being done on it is dU i = U i,um (Σ)dm i for substance i. Gibbs' integration leads to the total energy (which has a perfect 38 differential for it is a state function) of superficial -meaning surface-transfer 
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As j → ∞ to complete a loop in Σ space, dU i = N j=1 ∆U j = 0, and so from (7)
where ∆W ext , the total work done by the system in any arbitrary loop in Σ space, equals the total reversible diathermal 7 heat absorbed. The above was derived implicitly in [1] Proof. Since ∆S [q] is the integral of a perfect differential, it is a function of the endpoints of the integral, and the irreversible 39 integration along P AB is path dependent, hence the result.
This principle [p. 23, 6a: p. 7, 6b: p. 7, 6c] states that a non-equilibrium steady state system may be locally described 11 by variables that describe an equilibrium system, and that the heat transfer and other flux terms arise from the gradients 12 in the equilibrium variables across the entire system. Some have suggested this principle to be very strong on the basis of are augmenting variables to irreversible systems without contradicting Axiom 4, which is used to derive the theorem.
15
Implications are then discussed. 
and (a 1 , a 2 ) ∈ a are adiabatic. Let the increment of heat absorbed along (a 1 , b 1 ) be Q 1,[q] at temperature T 1 and the heat 22 absorbed (which has an implied negative sign since at this temperature T 2 the heat is ejected) about (b 2 , a 2 ) be Q 2, [q] for the 23 forms [q] with associated entropy S [q] . When q = dia, the system refers to diathermal heat exchange about the paths P AB 24 and P BA and the work done W given below refers to the work done by the system on the environment, but when q = tot a 25 non-local form of heat transfer is implied, as with the work as given in (1) path, the differential of heat is đQ 2 = H(Σ ) • dΣ for a reversible system (e.g. for a perfect gas at an isotherm, đQ 2 = PdV ) 32 whereas δ is partially dependent on boundary conditions and field gradients; for if it were completely dependent on Σ Fig. 4 . The logarithm of the equilibrium constant for equilibrium and non-equilibrium systems.
Finally, Fig. 4 is the distribution of the concentration ratio (the equilibrium constant at constant activity where
with two separate cases; Case 1 is where there is no breaking of bonds and where the temperature gradient is in the opposite 2 direction to that for Case 2, where at the higher temperature reservoir (or thermostat layer) at higher layer number, an 3 algorithm is applied that breaks bonds so as to form a current. The runs for Case 1 and 2 are separate, but plotted on the 4 same graph for economy, they do not have the same temperature gradient distribution and hence there is an intersection 5 in the middle portion of the graph due to this fact. In Fig. 4 , the actual K eq for the non-equilibrium run is plotted with the 6 values derived from a strictly equilibrium run. Within experimental error, we observe that there is reasonable coincidence 7 of the equilibrium and non-equilibrium runs except for Case 2 at high temperature (corresponding to higher layer value as 8 well in this case). At low temperatures, K eq is very low and therefore highly inaccurate with a large fluctuation in value. If 9 the principle of local equilibrium is always true, then there would be coincidence even at this regime, which is clearly not 10 the case. We hold that these results are consistent with the theory that we have developed here.
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In a recent mesoscopic rendering [7b], the ambiguous Gibbsian equations [1] presuming the validity of PLE was utilized 12 to model ''far from equilibrium'' situations, in contrast to Theorem 7 and a related work also presumes this by the remark:
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''The surprising finding is that we shall need the assumption of local electrochemical equilibrium in the reaction coordinate 14 space' ' [p. 13471; 10a] . Indeed, the application is ''set up by non-equilibrium thermodynamics' ' [p. 9170; 10b] where ''non-15 equilibrium thermodynamics'' specifically refers there to the PLE adhering, linear theory described in [6a]. proof by Truesdale and all other specialists, and which is not in accord with the current development. The other feature is 28 the manner in which heat is introduced into the system by ''puncturing'' the surface, so that a well-defined boundary does 
